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DESCRIPTION 

REFLECTOR, REFLECTIVE LIQUID a gYSTMj.pJSEIAY,a^ID^^ 

^ EHEREOF, OPTICAL MEMBER. DISPLAY. ILLimNATINGDEVICE ^TSPT.AY PANFtL 

AND WAVE MEMBER 

[Technical Field] 

The present invention relates to a light reflector and a 
fabrication method thereof, a reflective liquid crystal display and 
a fabrication method thereof, an optical member, a display, an 
illuminating device, a display panel, and a wave member - 

[Background Art] 

A reflective display which requires no light source such as 
a backlight, for example, a reflective liquid crystal display 
performs display using an ambient light and consvmies a small power • 
Therefore, this display is often used for portable equipment. 

To ensure sufficient brightness of the reflective display, a 
plate-shaped reflector made of metal such as aluminum or silver with 
high reflectance could be employed. However, if a surface of the 
reflector is flat , mirror reflection occurs , thereby causing the light 
source to be mirrored in the reflector, and portion other than the 
portion of the reflector in which the light source is mirrored is 
dark because it reflects little light. So, a displayed image of the 
display is visually undesirable. Accordingly, if numerous minute 
concave/convex portions cu:e formed on the surface of the metal 
reflector to allow the light to be diffused by the concave/convex 
portions, then such mirroring of the light source is suppressed, and 
a reflector with preferable reflective characteristics is obtained. 
The reflective liquid crystal display comprising such reflector is 
disclosed in Japanese Patents Nos. 2698218, 2756206. 



By the way, in tJie reflector having the concave/ convex portions 
on the surface thereof, a direction of the reflected light depends 
on a shape of the surface. In the reflector having the concave/convex 
portions, light is diffracted when reflected. For this reason, when 
the concave/convex portions are repeated at uniform intervals , lights 
diffracted by the concave /convex portions on the surface of the 
reflector interfere with one another, thereby causing the intensified 
light to be reflected in a specific direction or specific wavelengths 
to interfere with one another and intensify one another, so that the 
reflector looks colored. Fig. 19 shows an example of arrangement 
of such concave/convex shape. Fig. 20 shows a cross section taken 
along line XX - XX of Fig. 19. In Pig. 19, circles represent concave 
portions . The concave portions are regularly arranged in a lattice . 
In Fig. 20, the concave /convex shape is provided in a reflecting film 
3 formed by utilizing a concave -convex layer 2 on a substrate 1 and 
the concave/convex portions in its cross section are regularly repeated. 
In such regular arrangement, the diffracted lights interfere with 
one another, thereby causing a visually xindesirable display. 
Accordingly, by irregularly arranging the concave /convex portions 
in a plane in which the reflector is present, the interference of 
the diffracted lights is suppressed and the reflected light is 
white- colored. So, a reflector having a preferable reflection 
characteristic is obtained. 

An example of a method for thus suppressing the interference 
of the diffracted lights is disclosed in Japanese Patent No. 2912176. 
In this example , the concave /convex portions are irregularly arranged . 
Specifically, the concave /convex portions aire suitably arranged so 
that a distribution of distance between adjacent concave portions 
or between adjacent convex portions, or a distribution of height of 
concave/convex portions has a variation within a predetermined range . 



As disclosed in the above -described conventional example, the 
irregular concave /convex arrangement is capable of preventing the 
interference of the diffracted lights. However, conventionally, 
since a specific method for designing the concave/convex arrangement 
has not been clarified but only how the arrangement is irregular has 
been clarified, designers of the concave/convex arrangement have had 
to make trial -and- errors so that variations are within a predetermined 
range . So , when a design of a display having pixels arranged in matrix 
was changed, for example, the pdLxel arrangement was changed and a 
reflector adapted to the changed arrangement was newly designed, the 
concave/convex arrangement varied. Consequently, an inclination 
angle on the concave/convex surface varied, and it was impossible 
to design a reflector having a definite reflection characteristic. 

This problem is caused by the interference of the diffracted 
lights . Therefore, this problem arises in any type of wave including 
light (light wave), a sound wave, an electromagnetic wave, an 
oscillating wave, etc. The interference of wave occurs when a wave 
source is two-dimensionally distributed, or there are many portions 
having extremal values { local maximum value and local minimum value ) 
of radiation intensity of wave in the two-dimensional wave source. 
Also, the interference occurs in the wave source having a plane 
on/ through/at which the incident wave is 

reflected/transmitted/refracted or the like. Therefore, the 
above-described problem exists in these cases like the reflector of 
light. 

[Disclosure of the Invention] 

The present invention is directed to solving the above -de scribed 
problem , and an object of the present invention is to provide a reflector 
and a fabrication method thereof, a reflective liquid crystal display 



cind a fabrication method thereof, an optical member, a display, cin 
illuminating device, a display panel, and a wave member, in which 
a two-dimensionally shaped wave radiation member capable of 
suppressing interference of radiated waves and having a definite 
radiation characteristic. 

To achieve the above -described object , according to the present 
invention , there is provided a reflector having a concave /convex shape 
in a surface thereof, characterized in that at least part of concave 
portions or convex portions of the concave /convex shape are arranged 
according to a predetermined rule, cind the concave /convex shape of 
an arbitrary straight-line cross section is irregular. 

With this constitution, since the arrangement of the 
concave /convex shape is irregular, the interference of the diffracted 
lights reflected by the reflector can be prevented. Besides, since 
the arrangement of the concave /convex shape has regularity, a 
reflection characteristic reproducible in design is obtained. 

According to the present invention, a reflector having a 
concave /convex shape in a surface thereof, is characterized in that 
at least part of concave portions or convex portions of the 
concave /convex shape are arranged according to a predetermined rule 
and concave /convex shapes of arbitrary parallel straight -line cross 
sections do not have the same regularity. 

With this constitution, since the regularity of the arrangement 
of the concave/convex shape is not repeated in a specific direction, 
the interference of the diffracted lights reflected by the reflector 
can be prevented. Besides, since the arrangement of the 
concave/ convex shape has regularity, a reflection characteristic 
reproducible ija design is obtained. 

In this case , at least part of the concave portions or the convex 
portions of the concave /convex shape may be arranged in a substeoitially 



spiral shape. 

With this constitution, it is possible to easily realize the 
arrangement in which the concave/convex shapes of arbitrary parallel 
straight -line cross sections do not have the same regularity. 

In this case, the reflector may include the concave portions 
or the convex portions in which a central emgle made between a n-th 
concave /convex portion and a (n + l)-th concave/ convex portion is 
a multiple of 137.5 degrees when the concave portions or the convex 
portions are ntimbered using n according to a distance from a center 
of the spiral. 

With this constitution, it is possible to realize a reflector 
having the disteuice between adjacent concave/convex portions made 
almost equal and having a unifomnti reflection characteristic. 

Also, the reflector may include the concave portions or the 
convex portions in which a distance from a center of the spiral to 
a concave/convex portion is proportional to a square root of n when 
the concave portions or the convex portions are numbered using n 
according to the distance from the center of the spiral. 

Also with this constitution, it is possible to realize a 
reflector having the distcince between adjacent concave /convex 
portions made almost equal and having a uniform reflection 
characteristic . 

In the above case, at least peart of the concave portions or 
the convex portions of the concave /convex shape may be regularly 
arranged in a substantially concentric shape. Also, at least part 
of the concave portions or the convex portions of the concave/ convex 
shape may be arranged in a substantially radial shape. 
Further, at least part of the concave portions or the convex portions 
of the concave/convex shape may be arranged in a substantially 
ellipsoidal spiral shape or in a substantially ellipsoidal radial 



shape. 

With this constitution, the interference of the diffracted 
lights due to the regularity of the concave/convex arrangement can 
be prevented. 

Also , at least part of the concave portions or the convex portions 
of the concave /convex shape may be arranged so as to have a positional 
relationship similar to a plurality of points on an arbitrary 
two-dimensional coordinate system obtained when a radius of a 
coordinate from an origin is a square root of n as a natural number 
and a phase angle is 137.5 degrees X n on the arbitrary 
two-dimensional coordinate system. 

With this constitution, it is possible to realize a regular 
arrangement in which an area in a plane occupied by each concave/convex 
portion can be made almost equal and the distance between adjacent 
concave portions or adjacent convex portions can be made almost equal. 

Also, more than half of all the concave portions or the convex 
portions may be arranged according to the predetermined rule. 

With this constitution, the arrangement of the concave/convex 
shape can be easily designed. 

The concave portions or the convex port ions of the concave/ convex 
shape may be repeatedly arranged in matrix. 

The concave portions or the convex portions of the concave /convex 
shape may be formed through a process including mask exposure and 
development, the mask exposure using a photomask including 
light -blocking regions or light -transmitting regions at least part 
of which are arranged according to a predetermined rule. 

With this constitution, a reflector having a preferable 
characteristic can be fabricated easily and with high reproducibility. 

According to the present invention, a reflector in which a 
plurality of unit regions having a concave /convex shape are formed 



in a surface thereof, is characterized in that all the unit regions 
have the same concave/convex shape, at least part of concave portions 
or convex portions of the concave/convex shape in the unit region 
are eirranged according to a predetermined rule, and concave /convex 
shapes of arbitrary parallel straight -line cross sections do not have 
the same regulcirity. 

With this constitution, when the concave /convex shape of a 
streiight-line cross section in a unit region has regularity, the same 
regularity exists at an arrangement pitch of the unit region, but 
when the pitch has a certain value or more and is repeated at a low 
frequency, the interference is slight emd therefore unrecognizable 
in practice. Consequently, an adverse effect caused by the 
interference can be prevented. 

In this case, the unit regions may be formed in matrix in the 
surface . 

This constitution is suitable to the reflector of the reflective 
image display using pixels. 

According to the present invention, there is provided a method 
for fabricating a reflector having a concave /convex shape in a surface 
thereof, characterized in that the concave/ convex shape is provided 
such that at least part of concave portions or convex portions are 
arranged according to a predetermined rule and the concave -convex 
shape of an arbitrary straight-line cross section is irregular or 
the same regularity is not repeated in arbitrary parallel straight-line 
cross sections . 

With this constitution, a reflector capable of preventing the 
interference due to diffraction can be fabricated with high 
reproducibility . 

In this case, the method may comprise: performing a process 
including mask exposure and development, the mask exposure using a 
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photomask Including light -blocking regions or light-transmitting 
regions arranged such that at least part of the regions are arranged 
according to a predetermined rule and the regions in an arbitrary 
straight -line cros^ section in an arrangement plane are irregular 
or the regions on eurbitrary parallel straight lines do not have the 
same regularity, to thereby provide a concave/convex shape so as to 
have the concave portions or the convex portions at positions 
corresponding to the light -blocking regions or the light -transmit ting 
regions of the photomask on a surface of a substrate; and forming 
a reflecting film on the surface of the concave/convex shape. 

With this constitution , the reflector can be easily fabricated 
using a photolithographic method. 

According to the present invention, there is provided a 
reflective liquid crystal display panel comprising : a liquid crystal 
layer and a reflector placed substantially in parallel with the liquid 
crystal layer, in which an ambient light is reflected externally by 
the reflector through the liquid crystal layer, and the liquid crystal 
layer can be modulated by an externally applied voltage , characterized 
in that the reflector has a concave/ convex shape in a surface thereof, 
at least part of concave portions or convex portions of the 
concave /convex shape are arranged according to a predetermined irule, 
and the concave /convex shape of an arbitrary straight -line cross 
section is irregular , or concave/convex shapes of curbitreiry parallel 
straight -line cross sections do not have the same regularity. 

With this constitution, it is possible to realize a reflective 
liquid crystal display panel with preferable visibility and 
reproducibility in design. 

In this case, the reflector may include a reflecting film on 
a substrate, for reflecting the ambient light, an opposed substrate 
is placed opposite to the reflector with the liquid crystal layer 



Interposed therebetween, and an electrode for modulating the liquid 
crystal layer Is comprised of the reflecting film and a common electrode 
formed on an Inner surface of the opposed substrate. 

With this constitution , since the ref lectingf ilmcanbe employed 
as the electrode, the constitution cam be simplified. 

According to the present invention, there is provided a method 
for fabricating a reflective liquid crystal display panel comprising: 
performing a process including mask exposure and development, the 
mask exposure using a photomask including light -blocking regions or 
light -transmitting regions such that at least part of the regions 
are arranged according to a predetermined rule and the regions on 
arbitrary parallel straight lines in an arrangement plane do not have 
the same regularity or the regions on arbitrary parallel straight 
lines in an arrangement plane do not have the same regularity, to 
thereby provide a concave/convex shape so as to have concave portions 
or convex portions at positions corresponding to the light -blocking 
regions or the light -transmit ting regions on a surface of a substrate; 
forming a reflecting film on the surface of the concave /convex shape; 
placing an opposed substrate having a common electrode on an inner 
surface thereof as being opposed to a surface of the substrate on 
which the reflecting film is formed; and filling a liquid crystal 
into a spacing between the substrate cind the opposed substrate. 

With this constitution, a reflective liquid crystal display 
panel with preferable visibility and reproducibility in design can 
be fabricated using the photolithographic method. 

According to the present invention, there is provided a 
reflective liquid crystal display comprising: a reflective liquid 
crystal display panel including a liquid crystal layer and a reflector 
placed substantially in parallel with the liquid crystal layer, in 
which an ambient light is reflected externally by the reflector through 
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the Ixquld crystal layer, the liquid crystal layer can be modulated 
by an externally applied voltage , the reflector has a concave/convex 
shape in a surface thereof , at least part of concave portions or convex 
portions of the concave /convex shape are arranged according to a 
predetermined rule, and the concave/convex shape of an arbitrary 
str€d.ght-line cross section is irreguleir or the concave/convex shapes 
of cirbitrary parallel straight -line cross sections do not have the 
same regularity; and drive means for driving the reflective liquid 
crystal display panel by applying a voltage for modulating the liquid 
crystal layer. 

With this constitution, it is possible to realize a reflective 
liquid crystal display with preferable visibility and reproducibility 
in design cem be provided. 

According to the present invention , there is provided an optical 
member characterized in that an optical characteristic in an 
observation point direction varies in a plane, and at least part of 
optical action centers at which the optical characteristic has a local 
maximum value or a local minimx:tm value are arranged in the plane 
according to a predetermined rule and the optical action centers on 
an eirbitrary straight line in the plane cire arranged irregularly. 

With this constitution, since the optical action centers are 
irregularly arranged, the interference of the diffracted lights 
subjected to optical action can be prevented. Besides, since the 
arrangements of the optical action centers has regularity, an optical 
characteristic reproducible in design is obtained. 

According to the present invention , there is provided an optical 
member characterized in that an optical characteristic in an 
observation point direction varies in a plane, and at least part of 
optical action centers at which the optical characteristic has a local 
maximum value or a local minimum value are arranged in the plane 



according to a predetermined rule, and the optical action centers 
on arbitrary parallel straight lines in the plane do not have the 
same reguleurity. 

With this constitution, since the regularity of the arrangement 
of the optical action centers is not repeated in a specific direction, 
the interference of the diffracted lights subjected to the optical 
action can be prevented • Besides , since the arrangement of the optical 
action centers have regularity, an optical cheoracteristic 
reproducible in design can be obtained. 

Also, the optical characteristic may vary substantially 
discontinuously at a boundary between a minute region having the 
optical action center as a center and the other region, and may have 
substantially the same value in each region. 

Also , at least part of the optical action centers may be arranged 
in a substantially spiral shape » 

With this constitution, it is possible to easily realize the 
arrangement in which the optical action centers of arbitrary pcurallel 
straight -line cross sections do not have the same regularity. 

In this case , the optical member may include the optical action 
centers in which a central angle made between a n-th optical action 
center and a {n + l)-th optical action center is a multiple of 137.5 
degrees when the optical action centers are numbered using n according 
to the distance from the center of the spiral. Also, the optical 
member may further include the optical action centers in which the 
distance from the center of the spiral to an optical action center 
is proportional to a square root of n when the optical action centers 
are numbered using n according to the distance from the center of 
the spiral. 

With this constitution, it is possible to realize an optical 
member having the distcince between adjacent optical actions centers 
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made almost equal and having a uniform optical chciract eristic. 

In this case, at least part of the optical action centers may 
be regularly arranged in a substantially concentric shape. Also, 
at least part of the optical action centers may be arranged in a 
substantially radial shape. Further, at least part of the optical 
action centers may be arranged in a substantially ellipsoidal spiral 
shape or in a substantially ellipsoidal radial shape. 

With this constitution, the interference of the diffracted 
lights due to the regularity of the currangement of the optical action 
centers can be prevented. 

Also, at least part of the optical action centers maybe arranged 
so as to have positional relationship similar to a plurality of points 
on an arbitreiry two-dimensional coordinate system obtained when a 
radius of a coordinate from an origin is a square root of n as a natural 
number and a phase angle is 137.5 degrees X n on the arbitrary 
two-dimensional coordinate system. 

With this constitution, it is possible to realize a regular 
arrangement in which an area in a plane occupied by each action center 
can be made almost equal and a distance between adjacent optical action 
centers can be made almost equal. 

Also , at least part of the optical action centers may be arranged 
so as to have positional relationship similar to arrangement obtained 
by symmetric transformation of aplurality of points regularly arranged 
in a concentric shape on the arbitrary two-dimensional coordinate 
system. 

The optical action centers may be repeatedly arranged in matrix . 

The optical characteristic may be a reflectance. 

With this constitution, it is possible to realize a reflective 
member capable of preventing the interference of the diffracted lights 
and having a reflection characteristic with preferable design 
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reproducibility . 

The optical characteristic may be a refractive index. 
With this constitution, it is possible to realize a refractive 
member capable of preventing the interference of the diffracted lights 
and having a refractive characteristic with preferable design 
reproducibility . 

The optical characteristic may be a transmittance . 
With this constitution, it is possible to realize a 
light-transmitting member capable of preventing the interference of 
the diffracted lights and having a transmission characteristic with 
preferable design reproducibility. 

According to the present invention , there is provided an optical 
member characterized in that an optical characteristic in ein 
observation point direction varies for each plural unit regions in 
a plane , the optical characteristic is the same in all the unit regions , 
at least part of optical action centers at which the optical 
characteristic in a unit region has a local maximum value or a local 
minimum value are arranged in the plane according to a predetermined 
rule and arrangements of the optical action centers on arbitrary 
parallel straight lines in the plane of the unit region do not have 
the same regularity. 

With this constitution, when the optical action centers on a 
straight line in a plane of a unit region has regularity, the same 
regularity exists at an arrangement pitch of the unit region, but 
when the pitch has a certain value or more emd is repeated at a low 
frequency, the interference is slight and therefore unrecognizable 
in practice. Consequently, an adverse effect caused by the 
interference can be prevented. 

In this case, the unit regions may be formed in matrix in the 
plane . 
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According to the present invention , there ±s provided a display 
comprising: display means for displaying predetermined information; 
and an optical member placed on a light path of light for displaying 
the information, in which an optical characteristic in a direction 
in which displayed information is observed varies in a plane , at least 
part of optical action centers at which the optical characteristic 
has a local maximum value or a local minimum value are arranged in 
the plane according to a predetermined rule, and the optical action 
centers on an arbitrary line in the plane are irregularly arranged 
or the optical action centers on arbitrary parallel straight lines 
do not have the same regularity. 

With this constitution, a display with preferable visibility 
and design reproducibility can be provided. 

According to the present invention, there is provided an 
illuminating device comprising: light emitting means for emitting 
light; and an optical member placed on a light path of the emitted 
light, in which an optical characteristic in a direction in which 
displayed information is observed varies in a plcine, at least part 
of optical action centers at which the optical characteristic has 
a local maximum value or a local minimum value are arranged in the 
plane according to a predetermined rule , and the optical action centers 
on an arbitrary straight line in the plane are arranged irregularly 
or arrangements of the optical action centers on arbitrary parallel 
straight lines do not have the same regularity. 

With this constitution, an illiaminating device with preferable 
visibility and design reproducibility can be provided. 

According to the present invention , there is provided a display 
panel comprising: light emitting means for emitting light; and an 
optical member placed on a light path of the emitted light , in which 
an optical characteristic in a direction in which displayed information 
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is observed varies in a plane, at least part of optical action centers 
at v^ch the optical characteristic has a local maximum value or a 
local minimum value are arranged in the plane according to a 
predetermined rule, and the optical action centers on an arbitrary 
straight line in the plane are arranged irregularly, or arrangements 
of the optical action centers on arbitrary parallel straight lines 
do not have the same regularity, and the optical action centers are 
distributed in a predetermined display pattern. 

With this constitution, a display panel with preferable 
visibility and design reproducibility can be provided. 

According to the present invention, there is provided a wave 
member characterized in that a radiation characteristic of a wave 
varies in a plane, at least part of wave action centers at which the 
radiation characteristic has a local maximum value or a local minimum 
value are arranged in the plane according to a predetermined rule, 
and the wave action centers on an arbitrary straight line dLn the plcine 
cure irregularly arranged. 

With this constitution, it is possible to realize a wave member 
capable of preventing the interference of radiated waves due to 
diffraction and having a wave radiation characteristic with preferable 
design reproducibility. 

According to the present invention, there is provided a wave 
member characterized in that a radiation characteristic of a wave 
varies in a plane, at least part of wave action centers at which the 
radiation characteristic has a local maximum value or a local minimum 
value are arranged in the plane according to a predetermined rule, 
and arrangements of the wave action centers on arbitrary parallel 
straight lines in the plane do not have the same regularity. 

Also with this constitution, it is possible to realize a wave 
member capable of preventing the interference of radiated waves due 
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to diffraction and having a wave radiation characteristic with 
preferable design reproducibility. 

The radiation characteristic may vary substantially 
discontinuously at a boundary between a minute region having the wave 
action center as a center cind the other region, and has substantially 
the same value in each region . 

Also, at least peirt of the wave action centers may be regularly 
arranged in a concentric shape. 

With this constitution, the interference of the wave due to 
the regularity of the arrangement of the wave action centers can be 
prevented . 

The wave may be a sound wave , and the wave member may constitute 
an acoustic member. 

With this constitution, an acoustic member with preferable sound 
radiation characteristic and design reproducibility can be provided. 

The wave may be an electromagnetic wave, and the wave member 
may constitute an electromagnetic wave member. 

With this constitution, an electromagnetic wave member with 
preferable electromagnetic wave radiation characteristic and design 
reproducibility can be provided. 

The wave may be an oscillation and the wave member may constitute 
an oscillating member. 

With this constitution, an oscillating member with preferable 
oscillation radiation characteristic and design reproducibility can 
be provided. 

The wave may be a radio wave and the wave member may constitute 
a radio wave member. 

With this constitution, a radio wave member with preferable 
radio wave radiation characteristic and design reproducibility can 
be provided. 
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The above and further objects and features of the invention 
will more fully be appeurent from the following detailed description 
with accompanying drawings. 

[Brief Description of the Drawings] 

Fig . 1 is a plan view showing a structure of a reflector according 
to a first embodiment of the present invention; 

Fig. 2 is a cross -sectional view taken along line II - II of 
Fig. 1; 

Fig. 3 is a pleun view showing a structure of a reflective liquid 
crystal display panel according to the first embodiment of the present 
invention; 

Fig. 4 is a cross-sectional view taken along line IV - IV of 
Fig. 2; 

Fig. 5 is a view showing arrangement of concave portions of 
reflectors of Figs. 1, 3 according to a rule; 

Figs. 6(a) - 6(d) are cross -sectional views showing steps of 
a method for fabricating the reflector of Fig. 1; 

Fig . 7 is a pleun view showing a structure of a reflector according 
to a second embodiment of the present invention; 

Fig. 8 is a cross -sectional view taken along line VIII - VIII 
of Fig. 7; 

Fig . 9 is a plan view showing a structure of a reflector according 
to a third embodiment of the present invention; 

Fig. 10 is a cross -sectional view taken along line X - X of 
Fig. 9; 

Fig. 11 is a cross- sectional view tciken along line XI - XI of 
Fig. 9; 

Fig. 12 is a plan view showing a structure of a reflector according 
to a fourth embodiment of the present invention; 
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Fxg - 13 ±s a plan view showing anotJier s tructtire of the reflector 
according to the fourth embodiment of the present Invention; 

Fig, 14 Is a plan view showing a modification of arrangement 
of concave portions of the reflector according to the first embodiment 
of the present Invention; 

Fig. 15 Is a plan view showing another modification of 
arremgement of the concave portions of the reflector according to 
the first embodiment of the present invention; 

Fig. 16 is a plan view showing a modification of arrangement 
of concave portions of a pixel reflector of the reflective liquid 
crystal display according to the first embodiment of the present 
invention? 

Fig. 17 is a plan view showing another modification of 
arrangement of the concave portions of the pixel reflector of the 
reflective lic[uld crystal display according to the first embodiment 
of the present invention; 

Fig. 18 is a plan view showing a further modification of 
arrangement of the concave portions of the pixel reflector of the 
reflective liquid crystal display according to the first embodiment 
of the present invention; 

Fig. 19 is a plan view showing an example of concave /convex 
arrcingement of the conventional reflector; 

Fig. 20 is a cross -sectional view taken along line XX - XX of 
Fig. 19; 

Fig . 21 is a block diagram showing a constitution of a reflective 
liquid crystal display according to a fifth embodiment of the present 
invention; 

Fig. 22 is a cross -sectional view showing a structure of an 
optical member according to an Example 1 of a sixth embodiment of 
the present invention; 
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Figs- 23(a) - 23(d) are cross-sectional views showing steps 
o£ a method for fabricating the optical member of Fig. 22; 

Fig. 24 is a cross -sectional view showing a structure of an 
optical member according to an Example 2 of a sixth embodiment of 
the present invention; 

Fig . 25 is a block diagram showing a constitution of a reflective 
liquid crystal display as a display according to an Example 3 of a 
seventh embodiment of the present invention; 

Fig. 26 is a schematic view showing a constitution of an 
illuminating device according to an Example 4 of the seventh embodiment 
of the present invention; 

Fig. 27 is a front view showing a configuration of a display 
panel according to an Example 5 of the seventh embodiment of the present 
invention; 

Fig . 28 is a front view showing a structure of an acoustic member 
according to an Example 6 of an eighth embodiment of the present 
invention; 

Fig . 29 is a front view showing a structure of an electromagnetic 
wave member according to an Example 7 of the eighth embodiment of 
the present invention; 

Fig. 30 is a front view showing a structure of an oscillating 
member according to the Example 7 of the eighth embodiment of the 
present invention; and 

Fig. 31 is a front view showing a radio wave member according 
to the Example 7 of the eighth embodiment of the present invention. 

[Best Mode for Carrying Out the Invention] 

Hereinafter, embodiments of the present invention will be 
described with reference to Figures. 
First Embodiment 
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[ Reflector 1 

Fig . 1 Is a plan view showing a structure of a reflector according 
to a first embodiment of the present invention. Fig. 2 is a 
cross-sectional view taken along line II - II of Fig. 1. 

As shown in Fig. 2, a plate-shaped reflector 101 is structured 
such that a concave/convex layer 2 is formed on a flat substrate 1 
and a reflecting film 3 is formed on the concave/ convex layer 2, 
Therefore , the reflecting film 3 has a concave/ convex shape conforming 
to a concave/ convex shape of a surface of the concave/ convex layer 
2 and a surface of the reflecting film 3 is a surface of the reflector 
101. 

The concave/convex layer 2 is made of photosensitive resin. 
After removal of a portion of the concave/convex layer 2 in which 
concave portions are to be formed by a photolithographic method, the 
photosensitive resin is subjected to melt flow to provide a smooth 
concave/convex shape on a surface thereof. The reflecting film 3 
is comprised of a metal film with high reflectance. Herein, the 
reflecting film 3 is comprised of a 0,2Um aluminum film. Other than 
aluminum, the reflecting film 3 may be made of metal with high 
reflectance such as silver. 

In Fig. 1, concave portions 4 of the concave /convex shape of 
the reflecting film 3 are represented by circles. As shown in Fig. 
1 s the concave portions 4 are arranged on a substantially spiral locus 
around a predetermined point C on a main surface of the substrate 
1. This arrangement will be described later in detail. In the 
reflector 101, the concave portions 4 on the surface thereof are 
arranged according to a predetermined rule, while the surface shape 
of an arbitrairy straight line cross section is irregular as shown 
in Fig. 2. 

In the reflector 101 so structured, when an ambient light is 



incident thereon, the light is reflected on the surface of the 
reflecting film 3. Since the surface shape of the arbitral^ 
streiight-line cross section of the reflecting film 3 is irregular, 
interference due to diffraction of the reflected light is prevented 
and the reflected light is white -colored* Thus, a preferable 
reflection characteristic is obtained. Also, since the concave 
portions 4 of the reflecting film 3 are arranged according to the 
predetermined rule, the concave portions 4 are arranged according 
to the rule when design is changed or the like . Therefore , the reflector 
101 having a definite reflection characteristic is obtained. This 
effect will be described in detail later. 
[Liquid Crystal Display Panel] 

Fig. 3 is a plan view showing a structure of a reflective liquid 
crystal display panel according to this embodiment of the present 
invention. Fig, 4 is a cross -sectional view taken along line IV -IV 
of Fig , 3 . In Fig . 3 , the liquid crystal display panel is perspectively 
shown. 

As shown in Figs. 3, 4, a reflective liquid crystal display 
panel (hereinafter simply referred to as a liquid crystal display 
panel) 102 is structured such that a liquid crystal 14 is interposed 
between a reflector 101' and an opposed substrate (color filter 
substrate) 103 placed as having a predetermined spacing between them 
and being opposite to each other, and a retardation film 12 and a 
polarizer 13 are provided on an outer surface of the opposed substrate 
103 in this order. 

The reflector 101 ' is a reflector according to this embodiment . 
Herein, the reflector 101' is structured such that source lines SL, 
gate lines GL, and switching elements 6 connected to these are formed 
on a substrate 1 made of no-alkali glass and a concave /convex layer 
2 and a reflecting film (hereinafter referred to as a pixel reflecting 



film) 3' are formed on the substrate 1 having the source lines SL, 
the gate lines GL, and the switching elements 6. The source lines 
SL and the gate lines GL are formed in matrix on the substrate 1, 
and a region defined by the source lines SL and the gate lines GL 
constitutes a pixel 201. The switching element 6 is provided for 
each pixel 201. The switching element 6 is comprised of a TFT (Thin 
Film Transistor) . The pixel reflecting film 3' is defined for each 
pixel 201 and connected to a terminal 6a of the switching element 
6 through a contact hole 7 formed through the concave/convex layer 
2 . In other words , the pixel reflecting film 3 ' is provided for each 
pixel and constitutes a pixel electrode as well as a metcil reflection 
layer of the reflector 101'. As can be clearly shown from Fig. 3, 
the pixel reflecting film 3 ' is structured to have the concave portions 
4 arranged in a substantially spiral shape around the predetermined 
point C in each pixel* 

The opposed substrate 103 is structured such that a color filter 
10 and a common electrode 9 comprised of a transparent electrode cire 
formed in this order on an inner surface of the substrate 11 made 
of no- alkali glass. Reference numerals 10a, 10b, 10c respectively 
denote regions of elementary colors of R (red) , G( green) , andB (blue) . 

An operation of the liquid ci^^stal display panel 102 so 
structured will be explained. In this liquid crystal display panel 
102 , an ambient light is incident from the side of the polarizer 
13 , and sequentially passes through the polarizer 13 , the retardation 
film 12, the substrate 11, the color filter 10, the common electrode 
9, ond the liquid crystal 4, and is reflected on the surface of the 
pixel reflecting film 3'. Then, the light passes through the 
respective members in the reversed order and emanates from the 
polarizer 13 to the outside. Meanwhile, a gate signal input to the 
gate line GL causes the switching element 6 of each pixel 201 to be 
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sequentially turned on, and at timing according to this operation, 
a video signal is sequentially input from the source line SL to the 
pixel reflecting film 3 ' of each pixel 201 . Thereby, across the pixel 
reflecting film 3 ' and the common electrode 9 , the voltage according 
to the corresponding video signal is applied, and according to the 
voltage, a reflectance of the ambient light in each pixel 201 varies. 
As a result, a user observing the liquid crystal display panel 102 
sees a video image according to the video signal. In this case, since 
the ambient light is diffused by the pixel reflecting film 3 ' , 
preferable visibility is obtained . 
[Method for Designing Reflector] 

As mentioned previously, the concave portions 4 of the reflector 
101 of Fig. 1 and the concave portions 4 of the reflector 101' of 
Fig. 3 are arranged in the substantially spiral shape around the 
predetermined point C cind regularly in the direction away from the 
point C, which eurreuigement is substantially concentric. Fig. 5 shows 
the arrangement according to this rule . In Fig . 5 , positions of meiny 
points 301 are represented by two-dimensional coordinates (poleur 
coordinates). Each of the points 301 is located in such a manner 
that, assuming that n is a natural number, a radius r from the origin 
as a center on a two-dimensional coordinate system is proportional 
to a square root of n and a phase angle 9 is 137.5 degrees X n. In 
Fig. 5, numbers are represented as n - 1 - 6, More specifically, 
when A is a proportionality factor, the first point is expressed as 
r = AXy^ l=«A(//m) , 0 -137. 5 (degrees), the second point is expressed 
as r = A xy~ 2 ( jt/m) , 0 = 2 X 137, 5 (degrees), and the n-th point 
is expressed as r = A X/~ n (Urn) , 0 = n X 137. 5 (degrees). The 
arrangement of Fig. 5 is a arrangement in a natural world such as 
arrangement of seeds of a sunflower. 

An angle of 137. 5 degrees is mathematically derived from a 
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theory called Fibonacci number, and with this angle, a regular 
arrangement in which a spacing between adjacent points 301 Is almost 
equal can be obtained. Also, since the distance from the center is 
proportional to the square root of n, an area occupied by each point 
301 on the two-dimensional coordinate system is made almost equal 
when the points 301 are sequentially arranged from the center to 
periphery, and the spacing between the adjacent points 301 is made 
almost equal. 

The concave/convex arrangement of the pixel reflecting film 
3' of the liquid crystal display panel 102 is identical to the 
concave/convex eirrangement in the area 202 of Fig. 1, and is obtained 
by extracting a plurality of points arranged by the method of Fig. 
5 and applying the corresponding similar eurrangement to the region 
of the pixel 201. From these facts, the concave/ convex arrangement 
of the reflector 101 of Fig. 1 and the concave /convex girrangement 
of the reflector 101' of Fig. 3 are the arrangement in which, when 
the concave portions 4 are numbered using n according to the distance 
from the center c of the spiral, a central angle made between the 
n-th concave portion 4 and the (n + 1 ) - th concave portion 4 is a multiple 
of 137. 5 degrees and the distance from the center of the spiral to 
the concave portion 4 is proportional to the square root of the n. 

Inventors discovered that , as shown in Figs . 2 , 4 , when the 
concave/ convex portions are arranged regularly by this method, an 
irregular surface shape into which various shapes are combined rather 
than the shape in which the same concave /convex portions are repeated, 
can be provided in arbitrary straight -line cross sections of the 
reflectors 101, 101'. In the reflector 101 with the eorbitrary 
straight -line cross section having the irregular surface shape and 
the liquid crystal display panel 102 , interference and intensification 
of the reflected lights diffracted due to the concave /convex portions 
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do not occur. Consequently, the Interference is prevented. 

When the proportionality constant AisA* 1 { fim) , the spacing 
between adjacent concave portions is approximately 1.9 (Mm). By 
arbitrarily varying the value for the proportionality constant A, 
the spacing between the adjacent concave portions can be arbitrarily 
designed. As should be understood from the foregoing, the 
concave/convex arrangement can be determined by simple cal.culations . 

Vlhen the concave/ convex portions are airranged in the pixel 201 
in the meuiner described above, in some cases, the concave portion 
is located over the boundary in the vicinity of the boiandary between 
the region in the pixel 201 and a region around the pixel 201. In 
the example of the liquid crystal display panel 102 of Fig. 3, the 
concave portion is not located over the boundcury of the pixel 201 
in principle. Instead, the concave portion may be located over the 
boundary . 

All of the concave portions 4 are not necessarily arranged 
according to the above -identified rule. In addition to the 
arrangement of the concave portions 4 according to the rule , the concave 
portions 4 may be arranged at arbitrary points in non- conformity with 
the rule. The arrangement of Fig. 14 is obtained in such a manner 
that, based on the cLrrangement of Fig. 1, a concave portion 4a in 
non- conformity with the rule is added in the vicinity of the point 
C in which the concave portions 4 €ure scarce . Thus , the concave portions 
4a in non-conformity with the arrangement of concave portions 4 
according to the rule may be added and the regularly arranged concave 
portions 4 and the arbitrarily arranged concave portions 4a may coexist . 
Also in this case, it is preferable that the regularly arranged concave 
portions 4 are more than the cirbitrarily arranged concave portions 
4a, and the arrangement of the concave portions is designed so that 
at least half of all the concave portions are regularly arranged. 
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Also, the arrangement of the concave portions may be designed 
so that , based on the regular arrangement , the number of the concave 
portions may be reduced by skipping the concave portions. The 
arrangement of Fig . 1 5 is obtained by removing severeil concave portions 
from the arrangement of Fig. 1. Even if the niamber of the concave 
portions is reduced, the reflector with interference suppressed can 
be designed likewise. 

Miile in the liquid crystal display panel 102, one arrangement 
according to a rule (hereinafter referred to as regular arrangement) 
is applied to one pixel reflecting film 3 ' , two or more regular 
arrangements may be combined to form one pixel reflecting film 3 ' . 
Fig. 16 shows arrangement of the concave portions in a region 
corresponding to the pixel reflecting film 3 ' of Fig . 3 , and different 
arrangements are made on the right and left sides of the pixel reflecting 
film 3'. Thereby, the similar effects can be obtained. 

The center of the spiral is not necessarily located in the region 
in which the concave /convex portions are arranged. As shown in Fig. 
17, the center C of the spiral may be located outside the region (in 
these Figures , region corresponding to the pixel reflecting film 3 ' ) 
in which the concave portions 4 are arremged. 

While in the above -described example, the concave /convex 
arrangement is applied to one pixel reflecting film 3 ' , as shown in 
Fig. 18, arrangement according to one rule may be applied to a plurality 
of pixel reflecting films 3' . For example, all the pixel reflecting 
films 3' of the liquid crystal display panel may have a spiral 
arrangement having one center. 

While the shape of the concave portions is a circle in the 
above -de scribed example, it may be an arbitrary polygon such as an 
arbitrary triangle including a regular triangle and isosceles triangle , 
or cin arbitrairy quadangle including a rectangle, a square, and 



trapezoid. SlicuLlarly, an arbitrary pentagon, hexagon, or a polygon 
with more angles may be adopted. 

It is preferable that many inclination angles of the surface 
of the concave/convex shape with respect to the plane in which the 
reflector is present are distributed in the range of about 5-10 
degrees . The number of the concave portions or the convex portions 
is preferably 10 or more. Specifically, the niamber of the concave 
portions or the convex portions is preferably 10 - 300 . The diameter 
of the concave portions or the convex portions is preferably 5-50 
Aim. 

[Method for Fabricating Reflector and Liquid Crystal Display Panel] 

Figs. 6(a) - 6(d) are cross -sectional views showing steps of 
a method for fabricating a reflector according to this embodiment. 

In fabrication of the reflect or, as shown in Fig. 6(a) , initially, 
a photosensitive material 2' comprising a positive photosensitive 
material is applied so as to be 2. 0 Um thick on the substrate 1. 
Then, mask exposure is carried out by using a photomask 15 having 
light -transmitting regions 15a corresponding to the concave portions 
and light -blocking regions 15b corresponding to the other portions, 
thereby making the portions of the photosensitive material 2' 
corresponding to the light -emitting regions 15a photosensitive. 

Then, as shown in Fig. 6(b), the mask- exposed substrate 1 is 
developed to thereby form openings 16 in the photosensitive portion 
of the photosensitive material 2 ' . 

Then, the substrate 1 having the openings 16 is subjected to 
heat treatment at a glass transition temperature of the photosensitive 
material 2* before curing, to cause the photosensitive material 2' 
to melt-flow so as to- have surface rounded and the openings 16 to 
be filled, thereby forming the concave /convex layer 2 having 
concave /convex portions on the surface as shown in Fig. 6(C) . Here, 
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the "meXt flow" refers to a characteristic or a phenomenon in which 
the shape varies, for example, a film is softened by heating, so that 
the surface of the film is rotinded or the film is f luidized on the 
substrate . 

Then, the substrate 1 having the concave/convex layer 2 is 
sintered at a curing temperature of the photosensitive material to 
cause the concave/convex layer 2 to be cured. 

Then , the reflecting film 3 made of a metal with high reflectance 
is formed as having a predetermined thickness on the concave/convex 
layer 2, thereby obtaining the reflector 101, 

Subsequently, the method for fabricating the liquid crystal 
display panel according to this embodiment will be described with 
reference to Fig . 4 . In fabrication of a liquid crystal display panel 
102, initially, the source lines SL , the gate IdLnesGL, and the switching 
elements 6 are formed on the glass substrate 1 by the well-known 
photolithographic method . Then , the concave /convex layer 2 is formed 
on the substrate 1 having the source lines SL, the gate lines GL, 
and the switching elements 6 in the manner described above. 
Thereafter, a metal film with high reflectance is formed on the 
concave/ convex layer 2 and etched using a photoresist as a mask to 
form the reflecting film 3 ' defined for each pixel 201 and a contact 
hole 7 in an unfilled portion of the opening in the concave/ convex 
layer 2. Thereby, the reflector 101' is obtained. 

By the well-known photolithographic method, the color filter 
10 and the common electrode 9 are sequentially formed on the glass 
substrate 11, thereby obtaining the opposed substrate 103. 

Then, the reflector 101' and the substrate 103 are bonded as 
having a predetermined clearance, and the liquid crystal 14 is filled 
into the clearance to be sealed. Then, the retardation film 12 and 
the polalizer 13 are sequentially bonded to the outer side of the 



opposed substrate 103. Thereby, the liquid crystal display panel 
102 is obtedJied* 

In the above-described method for fabricating the reflector 
101 and the liquid crystal display panel 102, the concave/convex 
portions can be easily formed on the surfaces of the reflectors 101 , 
101' by the photolithographic method using melt flow. 

In thephotomcisklSusedherein, according to the above -described 
concave -convex axxangement, the light -transmitting regions 15a 
having a predetermined diameter are formed in the portions 
corresponding to the concave portions and the light -blocking regions 
1 5b are formed in the other portions . This enabled the concave portions 
4 to be formed at positions similar to the light -transmitting regions 
of the photomask 15 on the sxirf aces of the reflectors 101 , 101 ' . TOien 
the negative photosensitive material is used as the materiai to be 
made into the concave /convex layer 2. a photomask with the 
light -transmit ting regions and the light -blocking regions reversed 
may be employed. 

Thus, in the photolithogoraphic method, since the 
concave /convex arrangement is determined depending on a mask pattern 
of the photomask 15 in exposure, the design of the photomask 15 is 
the most Important factor in determination of a reflection 
characteristic of the reflectors 101, 101' . In this embodiment, the 
photomask 15 that determines the reflection characteristic of the 
reflectors 101 , 101 ' is designed to have regular arreingement • Thereby, 
without altering this arrangement in design change of the photomask, 
the reflector with a definite reflection characteristic can be easily 
designed - 
Second Embodiment 

A second embodiment of the present invention illustrates an 
example in which an arrangement angle of the concave portions in the 
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substantially spiral arrangement is changed. Specifically, in the 
first embodiment, the concave portions 4 are arranged at angles of 
multiples of 137 . 5 degrees . In stead of 137 . 5 degrees , an arbitraar^ 
angle may be set to design the concave/convex arrangement. Fig. 7 
shows a case where this eingle is set to 142 degrees. Fig. 8 shows 
the cross section taken along line VIII ~ VIII of Fig. 7. In this 
case, the concave portions 4 of the reflector 101 are arranged in 
substantially spirail shape, and the surface shape of an arbitrary 
straight -line cross section provides concave/convex portion of 
different shapes . For this reason, the interference of the reflected 
light does not occur, and the same effects as provided by the first 
embodiment can be obtained. 
Third Embodiment: 

A third embodiment of the present invention shows another example 
in which the angle of the arrangement of the concave portions in the 
substantially spiral arrangement is changed. In the first embodiment , 
the concave portions 4 are arranged at angles of multiples of 137. 
5 degrees , while as shown in Fig . 9 , the concave portions 4 are arxcinged 
at angles of multiples of 15 degrees instead of 137. 5 degrees. In 
this case, an arrangement in which the concave portions 4 are arranged 
in a substantially radial shape is obtained- Fig. 10 shows a cross 
section taken along line X-X of Fig. 9. Fig. 11 shows a cross section 
taken along line XI -XI of Fig . 9 . With this concave/ convex arrangement , 
the interference of the reflected lights can be suppressed similarly 
to the first embodiment. Unlike the first and second embodiments, 
in this embodiment, judging from the X-X cross section shown in 
Fig. 10 in which the concave /convex portions are arranged at a 
relatively fixed pitch (repeated according to a rule), there is a 
possibility that the interference of the reflected lights occurs. 
However, the XI - XI cross section parallel to the X-X cross section. 
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which is shown in Fig. 11, has the shape different from that of the 
X - X cross section. In this case, regardless of the fact that the 
concave/convex portions in a specific cross section are arranged 
according to a rule, the interference in the entire reflector 101 
is unrecognizable to human's eyes. The reason is as follows. 

The interference of the diffracted lights due to the regular 
concave/convex arrangement is obseirved in a plane when the reflector 
101 is observed. The interference of the reflector 101 being observed 
by the human is recognized by him/her when two conditions are satisfied : 
□ 1) the shape of the concave /convex cross section of the straight-line 

gi cross section is reguleuc, and 2) the same regularity is repeated in 

J=;^ the cross section parallel to the above cross section. In this 

|1J embodiment , the X-X cross section of Fig . 10 and the XI -XI cross section 

^1, of Fig. 11 differ in concave/ convex shape from each other, that is, 

fi J 

r: the condition 2) is not satisfied. That is, in the reflector having 

4= no concave/convex arrangement in which the same regularity is repeated 

^ in one direction in the reflecting plane, the interference Is 

unrecognizable and therefore, the interference resulting from the 
concave /convex arrangement can be prevented. Also, in the 
arrcingement in which such concave/ convex arrangement is repeated in 
one direction, the same regularity is repeated at a pitch, but when 
the pitch has a certain value or greater and is repeated at a low 
frequency, the interference is slight and therefore, unrecognizable 
in practice. The pitch at which the interference is unrecognizable 
is 50 Urn. or more, from the inventor's experience. Since the 
arrangement pitch of pixels is 50 Mm in a high definition image display, 
the concave /convex arrangement is satisfactorily applicable to the 
reflector of the image display. 
Fourth Embodiment 

A fourth embodiment of the present invention illustrates an 
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example in which the arrangement of the concave portions is altered 
with irregularity maintained. In the first to third embodiments, 
the concave portions are arranged in the substantially spiral shape 
or the substantially radial shape • Alternatively, these arrangement 
shapes can be reduced or expanded in a specific axial direction into 
a substantially ellipsoidal spiral shape or a substantially 
ellipsoidal radial shape in which the concave portions are arranged, 
and also in such eirrangement , the same effects can be obtained. Fig. 

12 shows the substantially ellipsoidal spiral arrangement and Fig. 

13 shows the substantially ellipsoidal radial arrangement. 

In the first to fourth embodiments, the arrangement of the 
concave portions of the concave/ convex shape has been described. The 
arrangement is not limited to that of the concave portions but, by 
arranging the convex portions in the similar method to fabricate the 
reflector and the liquid crystal display panel , the same effects can 
be obtained. 

In the first to fourth embodiments, the arrangements of the 
substantially spiral shape, substctntially radial shape, and 
substcintially ellipsoidal spiral shape, and substantially 
ellipsoidal radial shape have been described. In addition to the 
reflectors of these arrangements, the reflectors having irregular 
surface shapes of the arbitrary straight -line cross sections thereof 
are capable of preventing the interference, and the same effects as 
provided by the first to fourth embodiments can be provided. Even 
in the reflector which has a specific cross section with the 
concave /convex portions regularly arranged, the interference can be 
prevented and the same effects as provided by the first to fourth 
embodiments can be provided, if both of the two conditions: 1) the 
shape of the concave/convex cross section of the straight-line cross 
section is regular, and 2) the same regularity is repeated in the cross 
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section parallel to the above cross section, are not satisfied In 
this reflector. 

In the first to fourth embodiments , although the substcutitlally 
spiral, concentric, and radial arrangements based on the arrangement 
( basic arrangement ) in which the concave portions or the convex portions 
cire arranged according to the distance from the center of the spiral 
of the first embodiment have been described, the substantlctlly spiral, 
concentric, and radial arrangements need not be based on the basic 
arrangement in practice . When the substeuntially spiral , concentric , 
and radial arrangements are radially regular, they are not regulco? 
on a line parallel to the radial direction, emd do not satisfy the 
Interference conditions 1) , 2) . Also, when the concave portions are 
arrcinged symmetrically with respect to the center of these arrangements , 
the arrangements on two parallel lines between which the center is 
interposed are the same but , in general , the arrangement on the two 
parallel lines is not regular. If the arrangements should be regular, 
the interference would hardly occur because they are spaced apart. 
Fifth Embodiment 

Fig . 21 is a blocK diagram showing a constitution of a reflective 
liquid crystal display according to a fifth embodiment of the present 
invention . As shown in Fig . 21 , in a reflective liquid crystal display 
400 according to this embodiment, the soiirce line SL and the gate 
line GL of the liquid crystal display panel 102 of the first emboddLment 
are respectively driven by a source drive circuit 402 and a gate drive 
circuit 403, which are controlled by a signal processing circuit 401 . 
With this constitution , the liquid crystal display panel 102 is driven 
by the gate drive circuit 403 and the source drive circuit 402, so 
that transmittance of the ambient light incident on the pixel 
reflecting film and reflected thereon is changed. Thereby, the human 
observing the liquid crystal display 400 sees an dlmage according to 
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the video signal of the source line GL. In this case, since the 
ambient light Is diffused by the pixel reflecting film, preferable 
visibility is obtcLlned. As a result, a reflective liquid crystal 
display having preferable and reproducible reflection cheuracterlstlc 
Is achieved. The reflectors having modifications of the concave 
arrangement of the first embodiment and the reflectors of the second 
to fourth embodiments may be used to constitute the reflective liquid 
crystal display, in which case, the same effects can be provided. 
Sixth Embodiment 

In the first to fifth embodiments, a phenomenon in which the 
reflected lights etre diffracted due to the concave/convex portions 
of the s\irf ace of the reflector, and the diffracted lights Interfere 
with one another due to the regular concave/convex arrangement, can 
be suppressed. Thereby, preferable visibility is obtained. The 
Interference of the diffracted lights also occurs in the plane by 
which the incident light is reflected, transmitted, refracted, or 
the like. Accordingly, the present invention is effective in 
suppressing the Interference of the diffracted lights in an optical 
member in which refractive indices, transmittances or the like are 
distributed in a plane and such distribution is repeated in a similar 
meinner, as well as the Interference due to the concave /convex shape 
of the reflector. 

For example, the present invention is applicable to an optical 
member that diffuses light, namely, a diffusing film, or an optical 
member in which minute regions for blocking light are arranged in 
a trcinsparent member for the purpose of reducing the light. 
( Example 1 ) 

An Example 1 of the present Invention illustrates an optical 
member for diffusing light. Fig. 22 is a cross -sectional view showing 
a structure of an optical member according to this example. 
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As Shown in Fig, 22, em optical member 503 of the Example 1 
is composed of an upper layer 502 and a lower layer 501 which are 
made of two types of transparent materials having different refractive 
indices. An interface 504 between the upper layer 502 and the lower 
layer 501 has the concave/convex shape similar to those of the surfaces 
of the reflectors of the first to fourth embodiments , An upper surface 
of the upper layer 502 and a lower surface 501a of the lower layer 
501 are flat and parallel to each other. 

Materials of the upper layer 502 and the lower layer 501 are 
O suitably selected from transparent materials such as glass , a nitride 

03 film, indium tin oxide (ITO), acrylic resin, and epoxy resin such 

rjj that the selected materials have different refractive indices . In 

this embodiment, the lower layer 501 is made of glass, and the upper 
hh layer 502 is made of acrylic resin . In the optical member 503 , when 

LZ light is incident upon either the upper surface 502a of the upper 

layer 502 or the lower surface 501a of the lower layer 501 , the incident 
light is refracted and diffused on the interface 504 because the 
interface 504 between the upper layer 502 and the lower layer 501 
having the concave /convex shape inclined with respect to the upper 
surface 502a of the upper layer 502 and the lower surface 501a of 
the lower layer 501. 

Thus , because of the inclination of the interface 504 , an optical 
chciracteristic (here, diffusing characteristic) in the direction of 
an observation point of the optical member 503 varies in a plane in 
which the optical member 503 is present and has a distribution with 
large and small values . Points at which the optical chciracteristic 
has a local maximum value or a local minimum value according to 
inclination of the concave /convex interface 504 are arranged in the 
plane in which the optical member 503 is present. In description, 
the point at which the optical characteristic has a local maximum 
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value or a local mlnlmvan value in a plane is called an "optical action 
center". The optical action center is not point at which the 
characteristic has a maximum/minimum value in the distribution of 
the entire plane but a point at which the characteristic has a local 
maximum/minimum veilue in a portion varying IdLke mountain or valley 
in the distribution. In this example, bottoms of the concave portions 
of the interface 504 in the cross section of Fig. 22 are nptic a l action 
centers 505. VOien the optical action centers 505 are regularly 
arranged, the interference of light due to diffraction occurs and 
the light looks intensified or colored when seen from a specific 
direction , s imilarly to the reflectors having concave / convex port ions 
shown in the conventionea examples of Figs. 19, 20. If an attempt 
ilj is made to randomly sarreuige the optical action centers to avoid such 

9 

defects , the characteristic of the optical member might vary depending 

nj 

L,I on a designer when there is no regularity in the arrangement. 

4^ Accordingly, similarly to the reflectors of the first to fourth 

C3 

embodiments, in the optical member 503 of this example, the optical 
action centers are arranged in a plane according to a predetermined 
rule and the optical action centers on an arbitrary straight line 
in the plane are arranged irregularly, thereby allowing the 
interference of the diffracted lights to be suppressed and obtaining 
a preferable diffusing characteristic. Simultaneously, 
reproducible design can be conducted. 

By placing the optical member of this example on the surface 
of the reflective display having a flat metal reflector, mirroring 
of the light source in the metal reflector can be suppressed, and 
a reflective display having a preferable diffusing characteristic 
is provided. 

Figs. 23(a) -23(d) are cross -sectional views showing steps of 
a method for fabricating the optical member of Fig. 22. 
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In fabrication of the optical member, as shown in Fig. 23(a) , 
initially, a positive photoresist 506 is applied on a flat glass 
substrate 501'. Then, mask exposure is carried out using the 
photomask 15 having light -transmitting regions 15a corresponding to 
the concave portions and light -blocking regions 15b corresponding 
to the other portions , thereby making the portions corresponding to 
the light -transmitting regions 15b of the photoresist 506 
photosensitive . 

Then, the mask-exposed glass substrate 501' is developed. 
Therel^y, as shown in Fig. 23(b), openings 507 are formed in the 
photosensitive portions of the photoresist 506. 

Then, using the photoresist 506 as a mask, the glass substrate 
501' is etched by hydrofluoric acid . Thereby , as shown in Fig . 23(C), 
the surface of the glass substrate 501* is melted to form the 
concave/convex portions, thus obtaining the lower layer 501. 

Then, the photoresist 506 is peeled off. Thereafter, the 
acrylic resin is applied on the lower layer 501 and cured to form 
the upper layer 502 as shown in Fig. 22(d), thereby obtaining the 
optical member 503. Thus, by the photolithographic method, the 
optical member 503 of this example can be easily formed. 

The photomask 15 for the mask exposure is designed so that similar 
positional relationship is made between the arrangement of the 
light -blocking regions 15b or the light -transmitting regions 15a and 
regularly concentric arrangement on an arbitrary two-dimensional 
coordinate system. With this design, the optical action centers of 
the optical member can be regulajrly ax-ranged in a concentric shape, 
and the effects of the present invention is obtained . The arrangement 
of the optical action centers may have a similar positional 
relationship with the arrangement obtained by symmetrically 
transforming a plurality of points having a concentric arrangement 
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on the arbitrary two-dimensional coordinate system. Here, symmetric 
transformation refers to any of rotation at a fixed angle around an 
axis , mirroring at a straight line , and parallel movement , or otherwise , 
a combination of these symmetric transformations. 

More specifically, the arrangement of the optical action 
centers may have the substantially concentric shape, the substantially 
spiral shape, the substantially radial shape, the substantially 
ellipsoidal spiral shape, or the substantially ellipsoidal radial 
shape, similarly to the arrangement of the concave portions or the 
convex portions shown in the first to fourth embodiments • When the 
number n is given according to the distance from the center of the 
spiral, the central angle made between the n-th concave portion and 
the (n + l)-th concave portion may be a multiple of 137. 5 degrees, 
and the distance from the center of the spiral to the optical action 
center may be proportional to the square root of the n in positional 
relationship . 
(Example 2) 

Fig. 24 is a cross- sectional view showing a structure of an 
optical member according to an Example 2 of the present invention. 
In Fig. 24, an optical member 603 of this exair^le is structured such 
that a light -blocking layer 602 having many minute openings 604 at 
predetermined positions is provided on a transparent and flat substrate 
601, thereby forming many minute light- transmitting regions in the 
opening 604 through which the incident light is transmitted and 
light -blocking regions for blocking the incident light in the other 
portions. When the light is incident upon the optical member 603, 
only part of the light passes through the minute light -transmitting 
regions 604 and the other light is blocked by the light -blocking regions . 
Hence, the amount of light is reduced. The optical member 603 is 
placed in front of the light source for the purpose of reducing the 
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amount of excessive light of tlie light source. The optical member 

603 is capable of transmitting the incident light according to the 
area of the minute light -transmitting regions 604. 

By the way, when the minute light -transmitting regions 604 are 
regularly arranged at equal intervals, the lights diffracted around 
the minute light -transmit ting regions 604 interfere with one another, 
thereby causing the transmitted light to be intensified in a specific 
direction or the transmitted light to be colored, as in the case of 
the reflector having the concave/convex portions . Accordingly, the 
optical action centers 605 of the minute light -transmitting regions 

604 are arranged on the main surface of the substrate 601 according 
to the predetermined rule, while the optical action centers 605 on 
an arbitrary straight IdLne in the main surface are arranged irregularly. 
Thereby, the interference of the diffracted lights is suppressed and 
preferable transmitted light without coloring can be obtained. 

As should be appreciated from the foregoing description, the 
optical characteristic in this example is transmit tance. The light- 
blocking layer 602 can be easily formed by the photolithographic method. 
In this case, the photomask is designed in the method similar to the 
Example 1 , so that the optical action centers of the optical member 
can be provided so as to obtain the effects of the present invention. 

In Fig. 24, the minute light -transmitting regions 404 may be 
replaced by minute regions provided with reflecting films on which 
the incident light is reflected. Thus, the optical member capable 
of reflecting the incident light with reduced amount is obtained. 

Like the Examples 1 , 2 , by arranging the optical action centers 
of each of the optical characteristics such as the refractive index, 
the transmittance , and the reflectance , in the optical member in which 
these characteristics have distributions in the plane in which the 
optical member is present, the interference of the diffracted light 
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can be suppressed. 
Seventli EmbodJinent 

A seventh embodiment of tbe present Invention Illustrates 
various optical equipment to which the optical member of the sixth 
embodiment Is applied. Specifically, display means for conducting 
display Is added to the optical member of the sixth embodiment to 
realize a display such as a reflective liquid crystal display or an 
EL display . Also , light emitting means Is added to the optical member 
to provide ain llliimlnatlng device for plane light emission . Further, 
the optical member may be structured such that the optical action 
centers cire distributed In a display pattern and additionally provided 
with the light emitting means , thereby obtaining a display panel such 
as an electric sign and a traffic sign. Herelnbelow, this will be 
described In detail. 
(Example 3) 

Fig . 25 is a block diagram showing a constitution of a reflective 
liquid crystal display as a display according to an Example 3 of the 
present Invention. As shown in Fig. 25, a reflective liquid crystal 
display 901 of this example adopts a reflective liquid crystal display 
panel 902 structured such that the reflecting film 3' is flat in the 
liquid crystal display panel of the first embodiment (see Fig. 4) 
and is constituted such that the optical member 503 of the Example 
1 of the sixth embodiment is placed on a front surface of the reflective 
liquid crystal display panel 902, and the source lines SL and the 
gate lines GL are respectively driven by the source drive circuit 
402 and the gate drive circuit 403 which are controlled by the signal 
processing circuit 401. With this constitution, the ambient light 
incident on the reflective liquid crystal display panel 902 is 
mirror- reflected on the flat reflecting film, and the incident and 
reflected light is diffused by the optical member 503. Therefore, 



a wide viewing angle characteristic is obtained. Besides, the wide 
viewing angle characteristic has reproducibility in design. 
(Example 4) 

Fig. 26 is a schematic view showing a constitution of an 
illuminating device according to an Exan^le 4 of the present invention . 
As shown in Fig. 26, in an illuminating device 1001 of this example, 
the optical member 503 of the Example 1 of the sixth embodiment is 
placed in front of light -emitting means 1002 comprising a non-planar 
light source such as a lanq^ . With this constitution , the light emitted 
from the light emitting means 1002 is diffused while traveling through 
the optical member 503. Therefore, the illuminating device 
performing plane light emission with a preferable diffusing 
characteristic is provided . Besides , the characteristic of the light 
emission has reproducibility in design. 
(Example 5) 

Fig* 27 is a front view showing a configuration of a display 
panel according to an Example 5 of the present invention. In Fig. 
27, in a display panel 1101, the optical member 603 o£ the Example 
2 of the sixth embodiment in which the optical action centers are 
distributed in a display pattern 1103 is placed in front of the light 
emitting means 1102 . With this constitution, the light emitted from 
the light emitting means 1102 is transmitted through the minute 
light-transmitting regions distributed in the pattern 1103 of the 
optical member 603 , and the display pattern 1103 serves to emit light . 
Therefore, the display panel without coloring or the like can be 
provided. Besides, the light emitting characteristic of the display 
pattern has reproducibility in design. 
Eighth Embodiment 

In the first to seventh embodiments , applications of the present 
invention to the optical equipment have been described- The present 
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Invention is directed to suppressing the interference of diffracted 
lights, and therefore, is applicable to any type of wave such as a 
sound wave , an electromagnetic wave , and an oscillating wave , as well 
as light . By applying the present invention to these waves , cui acoustic 
member, a radio wave member, cin electromagnetic wave member, and an 
oscillating member can be provided. Specifically, the constitution 
of the present invention provides a member capable of suppressing 
the intensification of waves having a specific cycle or frequency 
and having a uniform characteristic when the wave is reflected or 
transmitted. Herein, the concept of the optical action centers 
defined in the sixth embodiment is broadened into the wave action 
centers. The wave action centers refer to points at which a 
wave-relating cheiracteristic taJces extremal values such as a local 
maximum value or a local minimtun value in a plane. When the wave 
is the acoustic wave, the radio wave, the electromagnetic wave, and 
the oscillating wave, the wave action centers are respectively the 
acoustic action centers, the radio wave action centers, the 
electromagnetic action centers, and the oscillating action centers. 
To be specific, the wave -relating characteristics refer to reflection, 
refraction , transmission and the like of the wave . Hereinbelow, this 
will be described in detail. 
( Example 6 ) 

Fig . 28 is a front view showing a structure of an acoustic member 
according to an Example 6 of the present invention. As shown in Fig. 
28, an acoustic member 1111 of this example is structured such that 
minute echo regions 1112 for echoing sound are formed on a surface 
of a sound absorption member that serves to absorb sound into the 
siarf ace . The acoustic member 1111 is capable of controlling the degree 
at which the sound echoes depending on an area of the minute echo 
regions 1112 . By arranging the acoustic action centers of the minute 
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echo regions similarly to the optical action centers of the sixth 
embodiment, the intensification of the sounds having a specific 
frequency can be suppressed, and the acoustic member having a uniform 
acoustic characteristic can be provided. By providing the acoustic 
member on a wall face or the like of an acoustic room, a preferable 
acoustic room is provided. 
(Example 7) 

In some cases, interference noise also occur in the radio wave, 
the electromagnetic wave, and the oscillation, because the waves having 
a specific frequency are intensified in a specific observation 
direction. In case of the radio wave, reception trouble in which 
receptions in broadcasting equipment cross each other. In case of 
the electromagnetic wave, sensitivity trouble occurs in an imaging 
panel that performs measurement with sensitivity with respect to the 
electromagnetic wave. In case of oscillation, interference noise 
occurs in propagation or the like in which strong oscillation 
propagates in a specific direction. With the constitution of the 
present invention in which regions having different characteristics 
or distributions of characteristics cire arranged according to a 
predetermined rule , the member capable of suppressing the interference 
noise due to the intensified waves and having a uniform wave 
characteristic is obtained. 

Fig. 29 is a front view showing a structure of an electromagnetic 
wave member according to an Example 7 of the present invention . Fig . 
30 is a front view showing a structure of an oscillating member according 
to the Example 7 of the present invention. Fig. 31 is a front view 
showing a structure of a radio wave member according to the Example 
7 of the present invention. In these Figures, an electromagnetic 
wave member 1121, an oscillating member 1131, a radio wave member 
1141 are respectively provided with minute electromagnetic action 
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regions 1122, oscillating action regions 1132, andmlnnte radio-action 
regions 1142 in the corresponding planes in which, these members are 
present. The minute electromagnetic action regions 1122, the minute 
oscillating action regions 1132, and the minute radio-action regions 
1142 are regions in which characteristics such as the reflectance, 
the transmittance, the refractive index, the radiation intensity or 
the like, which are respectively associated with the electromagnetic 
wave , the oscillation , and the radio wave , vcury like motmtain or valley 
in the planes in which the members 1121, 1131, 1141 are present, i.e. , 
the local maximum point neighborhood regions or local minimum point 
neighborhood regions . The eurrangement of the action centers of the 
minute electromagnetic action region 1122, the minute oscillating 
action regions 1132, and the minute radio-action regions 1142 eore 
similar to the currangement of the optical action centers shown in 
the sixth embodiment . 

While in the first to eighth embodiments, the shapes of the 
reflector, the optical member, and the wave member are flat surfaces, 
these shapes may be curved surfaces . Specifically , when the curvature 
of the member as a wave sovurce is Icirger than the wavelength of the 
wave, the interference due to diffraction of the wave occurs. 
Therefore, the present invention is applicable to such cases as in 
the case where the members as the wave source are flat surfaces. 

Numerous modifications and alternative embodiments of the 
invention will be apparent to those skilled in the art in view of 
the foregoing description. Accordingly, the description is to be 
construed as illustrative only, and is provided for the purpose of 
teaching those killed in the art the best mode of carrying out the 
invention. The details of the structure and/or action maybe varied 
substantially without departing from the spirit of the invention and 
all modifications which come within the scope of the appended claims 
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are aceseirved. 

[Industrial Applicability] 

A light reflector and a fabrication method thereof according 
to the present invention are eir^loyed in a liquid ci^stal display 
panel and a fabrication method thereof. 

A reflective liquid crystal display and a fabrication method 
thereof according to the present invention are employed in a display 
of a personal computer, a liquid crystal television, a liquid crystal 
monitor, and the like and fabrication methods thereof. 

An optical member according to the present invention is employed 
in a light diffusing film, a light reducing member or the like. 

A display according to the present invention is employed as 
a reflective liquid crystal display or an EL display. 

An illuminating device according to the present invention is 
employed as an illuminating device that performs plane light emission. 

A display panel of the present invention is employed as an 
electric sign, a traffic sign, a construction sign, or the like. 

A wave member according to the present invention is employed 
as an acoustic member constituting an acoustic room, a radio wave 
member for receiving or reflecting a radio wave, an imaging element 
for measurement with sensitivity to the electromagnetic wave, and 
an oscillating member for transmitting or reflecting oscillation. 



